Multi-regional input-output (MRIO) models are one of the most widely used approaches to analyse the economic interdependence between different regions. We utilised the latest socioeconomic datasets to compile a Chinese MRIO table for 2012 based on the modified gravity model. The MRIO table provides inter-regional and inter-sectoral economic flows among 30 economic sectors in China's 30 regions for 2012. This is the first MRIO table to reflect China's economic development pattern after the 2008 global financial crisis. The Chinese MRIO table can be used to analyse the production and consumption structure of provincial economies and the inter-regional trade pattern within China, as well as function as a tool for both national and regional economic planning. The Chinese MRIO table also provides a foundation for extensive research on environmental impacts by linking industrial and regional output to energy use, carbon emissions, environmental pollutants, and satellite accounts.
Background & Summary
Although China is usually viewed as a homogenous entity in socioeconomic analysis, it is a vast country with great variations in economic development patterns, resource endowments, population density, and lifestyle. For example, the per capita gross domestic production (GDP) in Beijing, the capital of China, was more than four times the value for Gansu, a poor province in western China. China has entered a new phase of economic development since the 2008 global financial crisis -a "new normal" -in which its economic development model has changed greatly. The domestic trade patterns among different provinces might have changed because the economy is growing faster in western China than in eastern China.
Multi-regional input-output (MRIO) models are one of the most widely used approaches to analyse the economic interdependence between different regions. Because of data availability, most of the available MRIO models demonstrate inter-country economic relationships, such as the Global Trade Analysis Project (GTAP) 1 , World Input-Output Database (WIOD) 2 , Organisation for Economic Cooperation and Development Inter-Country Input-Output (OECD-ICIO) 3 , and EORA MRIO 4 . Some researchers have compiled Chinese MRIO tables based on provincial input-output tables. Zhang 17 Chinese provinces provide extended input-output tables for 2010, the extended input-output tables of the remaining 13 regions were compiled based on their 2007 bench-mark tables 14 . Therefore, the 2010 MRIO table is not as accurate as the 2007 MRIO table and cannot fully reflect the changes in China's economic structure after the 2008 global financial crisis. The Chinese government released surveyed input-output tables at the provincial level for 2012. Based on these provincial input-output tables, we compiled the Chinese MRIO table for 2012 for 30 regions (excluding Hong Kong, Macao, Taiwan, and Tibet).
In the 2012 MRIO table, there are 30 economic sectors in each region. Final use is divided into five categories, including rural household consumption, urban household consumption, government consumption, fixed capital formation, and changes in inventories (Table 1) . Value added is divided into four categories, including compensation of employees, net taxes on production, depreciation of fixed capital, and operating surplus ( Table 2) . Exports from each region are divided into international and domestic exports, and imports to each region are divided into international and domestic imports ( Table 3) .
The Chinese MRIO table can be used to analyse provincial economies within China, as a tool for both national and regional economic planning. The table demonstrates the trade pattern among different sectors and different regions. Figure 1 demonstrates the inter-sector dependence of 30 economic sectors in China. The Chinese MRIO table can also be used to assess the economic impacts of events along supply chains and can identify economically related industry clusters. The Chinese MRIO table for 2012 can be used to estimate the changes in China's economic development patterns by integrating the available MRIO tables for 2007 and 2010.
In addition, the Chinese MRIO table can be used to perform environmentally extended input-output analysis (EEIOA) by adding additional columns, such as energy use, carbon emissions, water consumption, and air pollutants 15, 16 . For example, the data on energy inputs to each sector and each region can be applied to assess the carbon emissions embodied in the trade among 30 sectors and 30 regions. The data on China's air pollutants can be obtained from the Multi-resolution Emission Inventory for China (MEIC) 17 . Further, the data on China's energy consumption and carbon emissions at national and provincial levels can be downloaded freely from the China Emission Accounts and Datasets (CEADs, www.ceads.net) and are also presented in our previous paper published in Scientific Data 18 .
Methods
We compiled an MRIO database for China's 26 provinces and 4 cities; Hong Kong, Macao, Taiwan, and Tibet were excluded due to data unavailability. The Chinese MRIO table was compiled based on the input-output tables (IOTs) for 30 Chinese provinces that are published by the National Statistics Bureau. The IOTs demonstrate the economic linkages among 42 economic sectors at the provincial level. All provincial IOTs were aggregated into 30 sectors (see Table 4 for the concordance of sectors) because there are 30 sectors in the Chinese MRIO tables for both 2007 and 2010. We aim to build a time-series MRIO table database for China. It must be stated that the aggregation of sectors might result in bias in the inputoutput analysis. For example, Su and Ang 19 indicated that sector aggregation affected the results of CO 2 emissions embodied in trade in the environmental input-output analysis framework. In addition, Lenzen 20 showed that both aggregation and disaggregation resulted in bias in the input-output analysis of environmental issues.
Transfer provincial competitive IOTs into non-competitive IOTs.
IOTs can be divided into two categories according to the ways in which imports are treated, i.e., competitive and non-competitive IOTs. In competitive IOTs, imports are aggregated into a single column vector in the final use, and there is no distinction between imported input and domestically produced input. In non-competitive IOTs, the intermediate input is divided into domestic intermediate input and As imports of commodities are treated as competitive imports in original provincial IOTs, the imports are also accounted for in the intermediate transactions and final demand transaction 21 . The impact of the domestic economy of an exogenous demand cannot be distinguished. It is necessary to transfer competitive imports into non-competitive imports in the compilation process. There are normally two approximation procedures to estimate the matrix of domestic transactions and interindustry imports. Method one is to assume that the layout of the matrix of competitive imports is the same as the domestic intermediate matrix, which implies that no imports are consumed directly in the final demand. Method two considers the final demand and assumes that the proportion of imports in intermediate commodities is the same as that in the final demand. In this study, we adopt the latter method by assuming that every economic sector and final use category uses imports in the same proportions 16, 22 . Therefore, the matrix of competitive imports can be derived from the vector of competitive imports through multiplication by the proportion mentioned above. In the provincial competitive IOTs, the total output of a province can be expressed as
where O is the total output, A is the direct requirements matrix, F is the final use, and M is the imports. The share of import in the supply of goods to each sector is
; for all i ð2Þ where s i is the share of import in the supply of goods to sector i, o i is the total output of sector i, and m i is the import of sector i. The new requirements matrix (A d ) and final use (F d ) in which only domestic goods are included are derived by
where L is a vector with all elements equal to 1, and diagðÞ indicates that the vector is diagonalised. In this way, the import is removed from the intermediate use and final use and becomes a new column vector (including the import for intermediate use and final use) in the IOTs. In the new non-competitive IOTs, the total output of a province is expressed as
Modified gravity model to compile the MRIO
We use the gravity model and modify it with interactions among different regions for the same sector 23, 24 . There are two main reasons to adopt the gravity model for estimating interregional trade flows. First, the gravity model is the most appropriate approach on the basis of available Chinese data. The approaches to construct MRIO tables can be identified as survey and non-survey approaches. The survey-based approach identifies interregional trade flows from a collection of primary data by surveys of industries and final consumers, while non-survey techniques estimate interregional trade flows from single-regional input-output tables by various modification techniques 25 . The gravity model has become the mainstream non-survey tool to estimate the interregional trade flows, not only for its simplicity, but also because of the fewer data requirements. The feasibility and reliability of this approach have been proven in many studies 26 . Other approaches are based mainly on location quotients, i.e., a type of estimation that involves scaling down. Location quotients are frequently used to estimate the interregional trade coefficients. The method is often criticised for its reliability 25 . Moreover, there are usually more data requirements for other non-survey approaches, such as the mathematical programming model developed by Canning and Wang 27 and the computable general equilibrium (CGE) model 28 . Second, the MRIO table is also used to build a time-series MRIO table database for China. The MRIO tables for 2007 and 2010 were both constructed using the gravity model 6, 7 . To maintain methodological consistency, we chose the gravity model to compile the 2012 MRIO table.
In the standard gravity model, the interregional trade flows are specified as a function of the total regional outflows, total regional inflows, and transfer cost, which is usually proxied by a distance function. The gravity model is is the total outflows of sector i from region r, x Os i is the total inflows of sector i to region s, d rs is the distance between region r and region s (we use the distance between the capital cities of the two provinces in the study), β 1 and β 2 are weights assigned to the masses of origin and destination, respectively, and β 3 
and further into
where Y is the logarithm of the trade flows of product i between regions, L n is a vector with all elements equal to 1, X 1 and X 2 are the logarithm of the total outflows from origin regions and total inflows to destination regions, respectively, and X 3 is the logarithm of the distance between two regions. The equation can be solved using multiple regression. There are different interregional competition and cooperation relationships for different sectors. The industrial supply chains in some sectors are shorter, and there may be competitive relationships among different regions for these sectors, such as agriculture, food processing and textiles. In comparison, the industrial supply chains in other sectors are longer, and there may be more cooperative relationships among different regions for these sectors, such as machinery and chemicals. To reflect interregional competition and cooperation in our analysis, we introduce the concept of impact coefficients among different regions for the same sector. The impact coefficient for one sector is obtained by We also introduce the concept of impact exponents among different regions for the same sector. It is assumed that if a larger proportion of one sector's output is used for its own intermediate inputs, then interregional cooperation exists for the sector. The impact exponent for one sector is obtained by
where θ i is the impact exponent for sector i, δ i is the proportion of the total output of sector i that it uses as its own intermediate inputs, and δ is the average value of δ i . If θ i >0, there are competitive relationships for sector i; otherwise, there are cooperative relationships for sector i. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30   30  29  28  27  26  25  24  23  22  21  20  19  18  17  16  15  14  13  12  11  10  9  8  7  6  5  4  3  2  1 Unit: Trillion Yuan Figure 1 . The inter-sector input-output structure among 30 Chinese economic sectors. The names of sectors 1 to 30 can be found in Table 4 . The rows demonstrate the distribution of a sector's output throughout the economy, while the columns describe the inputs required by a sector to produce its output. The colour corresponds to the inter-sector transfer, from the largest one in red to the smallest one in blue (see scale). Based on the Chinese MRIO We use the impact coefficients and impact exponents to modify the interregional trade flows that are obtained by the standard gravity model. The formula is
where Y′ represents the modified trade flows of sector i and Y represents the trade flows, which are obtained by the standard gravity model. The initial trade flow matrix produced above does not meet the "double sum constraints", in which the row and column totals match the known values in the 2012 IOTs. The RAS approach is used to adjust the trade flow matrix to ensure agreement with the summed constraints 29 . The RAS approach tends to preserve the structure of the initial matrix as much as possible with a minimum number of necessary changes to restore the row and column sums to the known values 26 .
Adjustment according to the Chinese national IOT
In addition to the provincial IOTs, China also published a national IOT for 2012. There are great gaps between the national IOT and provincial IOTs. The sum of the total output of the 30 provinces in the provincial IOTs is 7% higher than the national total output in the national IOT. The total amount in the national IOT is assumed to be more accurate, while provincial IOTs more closely represent the economic structure at the provincial level. Therefore, we use the national IOT to adjust the total amount of output, value added, and international export and import in the MRIO, which is compiled based on provincial IOTs. Then, the adjusted MRIO table is balanced by the RAS approach. and sectors 1 to 30 can be found in Table 1 and Table 4 , respectively. Z i, j is the intermediate monetary flows from region i to region j. Y i, j is region j's use of products produced in region i during their final use. V 1,j , V 2,j , V 3,j , and V 4,j are the compensation of employees, net taxes on production, depreciation of fixed capital, and operating surplus, respectively, of region j. E i is the export of region i, O i is the balance error of region i, X i is the total output of region i, and X i T is the total input of region j. I inter, j is the import used as in intermediate use of region j, and I final, j is the import used in the final use of region j. TIU is the total intermediate use, TFU is the total final use, TII is the total intermediate input, and TVA is total value added. For all variables, i = 1, 2,…, 30 and j = 1, 2,…, 30. Consumption is further divided into rural household consumption, urban household consumption and government consumption. where o i , v i , e i , and m i are the adjusted output, value added, and international export and import for sector i, respectively. o i , v i , e i , and m i are original output, value added, and international export and import for sector i, respectively, which are obtained from the MRIO table compiled using the modified gravity model. o 
Data Records
The Chinese MRIO table for 2012 is stored as an excel document, and the codes are stored as a word document (Data Citation 1). The Chinese MRIO table has three main parts (Table 5) . First, the top left part is a 900 900 matrix, which is the intermediate monetary flows among 30 regions and 30 sectors. Second, the top right part is a 900 150 matrix, which is the final use of 30 regions and 5 final use categories, including rural household consumption, urban household consumption, government consumption, fixed capital formation, and changes in inventories. The bottom left is a 4 900 matrix, which is the value added of 30 regions and 30 sectors. The value added is divided into compensation of employees, net taxes on production, depreciation of fixed capital, and operating surplus. In addition, international export is demonstrated as a 900 1 column vector, while international import is divided into import used as intermediate use (1 900 row vector) and import used as final use (1 150 row vector). The total output column vector is equal to the transposition of the total input row vector. 
Technical Validation
The Chinese MRIO table is compiled using the modified gravity model. The multiple regression impacts the quality of the MRIO table. The regression results for 30 economic sectors are shown in Table 6 . It can be observed that the goodness of fit (R 2 ) for most sectors is greater than 0.4, except for metal mining and petroleum and gas. The R 2 value for the textile sector exceeds 0.8. The RAS approach is used to adjust the trade flow matrix to ensure agreement with the "double sum constraints". There is a 900 1 column vector that reflects the balance error in the Chinese MRIO table. The balance error in the table is caused mainly by the balance error in the provincial IO tables and the gap between total inflows and outflows at the provincial level. The proportions of error in the total output for most sectors are within ±5%, which is close to the values in the Chinese MRIO tables for 2007 and 2010 (refs 6,7) .
China also published a national single-region input-output (SRIO) table for 2012 in addition to the provincial IOTs. We compared the sector dependence between the MRIO and SRIO tables (Table 7) . It can be observed that the proportions of other sectors' input relative to the total intermediate input for each sector are similar in the two tables. Most of the differences are within ±15%. The largest difference is 22%, i.e., for gas and water production and supply. (Fig. 2a) . 
